Prolonged walking could alter postural control leading to an increased risk of falls in older 10
recorded at 48 Hz using Bioware software (Kistler Instruments Ltd, Winterthur, Switzerland) . 16 17 Participants performed the LOS task at PRE, between walking blocks 1 and 2 (walking 18 interval 1), between walking blocks 2 and 3 (walking interval 2), POST and POST15. Three 19 trials 30 second trials were performed in the forward, right and left directions at each time 20 point. The backward direction was not included to reduce the risk of falling. Each 30 second 21 trial was divided into 3 phases, in phase 1 participants stood quietly for 10 seconds and then 22 were asked to lean forward, right or left. Phase 2 began at the start of the lean movement 23 and ended when participants reached a lean position they perceived as maximum distance 24 that they could maintain without falling. The leaning movement was executed at a self-1 selected speed using an ankle strategy, whilst avoiding bending at the hips and keeping feet 2 flat on the force plate surface. Trials in which participants visibly flexed the hips, or lifted 3 their heels from the force plate surface were repeated. In phase 3 participants were asked 4 to maintain the maximal lean position for the remainder of the 30 second trial. Three trials 5
were performed for each lean direction. 6 7 Data Analysis 8
Walking Muscle Activity 9
Raw EMG signals were band-pass filtered with a dual-pass 2 nd order Butterworth filter with 10 20 and 450 Hz cut-off frequencies before being full-wave rectified and low-pass filtered with 11 a dual-pass 2 nd order Butterworth filter with a 10 Hz cut-off frequency. Low-pass filtered 12 EMG signals were normalised as a percentage of the maximum activity recorded for each 13 muscle during the PRE SSW. The use of a metric EMG value, such as the peak or mean 14 activation, derived from a reference gait condition has been used previously (e.g. Ricamato 15 and Hidler, 2005; Schmitz et al., 2009 ) and can be more appropriate for normalising gait 16 EMG data than using maximal isometric contractions (Cronin et al., 2015; Yang and Winter, 17 1984) . 18
19
Each normalised EMG signal was divided into individual gait cycles using heel-strike events 20 detected using footswitches and interpolated to 1001 data points. For each gait cycle, the 21 mean of the normalised EMG (EMG Mean ) signal was calculated. 22
The EMG Mean calculated for each muscle was then averaged for all gait cycles in each 1 individual walking block and PRE and POST SSW. All EMG signals were analysed using 2 custom written Matlab programmes (Mathworks Inc., MA, USA). 3 4
Quiet Standing 5
The COP signals were not filtered to avoid removing the natural variability of the signal 6 which would impact the non-linear analyses as the complexity of the signal is removed 7 (Doyle et al., 2004) . The postural sway path length (SWAY PL ) was calculated as the resultant 8 path length of the medio-lateral (ML) and anterio-posterior (AP) COP components. For the 9 calculation of elliptical area (SWAY EA ) principle component analysis was used to determine 10 the angle of the principle axis, and the minor axis orthogonal to the principle axis. The 11 length of the axes was calculated as 1.96 times the standard deviation along each axis. 12 13 Detrended fluctuation analysis (Peng et al., 1995) was performed to calculate the alpha 14 exponent (DFA α ) separately for the ML and AP COP components. Non-linear analyses 15 provide an indication of the underlying postural control dynamics that cannot be gained 16 from linear measures (Collins et al., 1995) . The COP signal was integrated and subsequently 17 divided into non-overlapping boxes of equal length. A linear least squares model was fit to 18 each box and the slope of the model was subtracted to detrend the box. The root mean 19 square fluctuation of the signal was calculated and plotted against the box length on a log-20 log plot. The process was then repeated with box lengths ranging from 4 to N/4 (Tahayor et 21 al., 2012) , where N is the total number of samples. The DFA α was then estimated as the 22 slope of a linear least squares model fit to the log-log plot of root mean square fluctuation 23 vs. box length. A DFA α value of 1 < DFA α < 1.5 represents an anti-persistent signal, one thattends to anti-correlate with increasing time scales, and a DFA α value of 1.5 < DFA α < 2 1 represents a persistent signal, one that tends to correlate with increasing time scales. 2 Values of 1.5 represent Brownian noise. All quiet standing trials were analysed using custom 3 written Matlab programmes (Mathworks Inc., MA, USA). 4
5

Limits of Stability 6
The start and end of each phase during LOS trials was determined as the intersection points 7 of separate linear least squares models fitted to the 3 distinct regions of the COP signal 8 using the Shape Language Modelling Matlab toolbox (Mathworks Inc., MA, USA). The 9 anterior, posterior, left and right boundaries of the base of support (BOS) were determined 10 from the outline of the feet drawn on the force plate as the maximum displacement in each 11 direction respectively. The length of the AP and ML BOS were then calculated as the 12 distance between the anterior and posterior, and left and right boundaries in the respective 13 directions. 14 15
The distance leaned in each LOS trial was calculated as the absolute distance between the 16 average COP positions in phases 1 and 3. The distance leaned was reported as a percentage 17 relative to the total BOS length (LOS REL ) in the AP direction for forward leaning trials and the 18 ML direction for left and right leaning trials. The root mean square (LOS RMS ) was calculated 19 from the detrended COP signal in phase 3 to indicate the variability of movement in the 20 sustained period of leaning. All LOS variables were averaged across the 3 trials performed at 21 each stage. All LOS trials were analysed using custom written Matlab programmes 22 (Mathworks Inc., MA, USA). 23
Statistics 1
All data were tested for normality using the Shapiro-Wilk test and were normally 2 distributed. Heart rate, RPE, VO 2 and muscle activation of all muscles measured during the 3 3 walking blocks were analysed using 2x3 repeated measures ANOVAs to determine the 4 effects of gradient (0% vs. 5.25%), time (Block 1 vs. Block 2 vs. Block 3) and interactions. 5 Two-way repeated measures 2x3 ANOVAs were performed to determine the effects of 6 gradient (0% vs. 5.25%), time (PRE vs. POST vs. POST15) and interactions on all quiet 7 standing postural control variables and SSW muscle activation. To determine the effects of 8 time (PRE vs. walking interval 1 vs. walking interval 2 vs. POST vs. POST15), gradient (0% vs. 9 5.25%) and interactions on all LOS variables 2x5 two-way repeated measures ANOVAs were 10 performed. Post hoc pairwise comparisons with a Bonferroni correction were performed 11 when significant main effects were present. The inter-session reliability (intra-class 12 correlation coefficient: ICC) of quiet standing and LOS variables were also determined from 13 the PRE data of each session. An ICC of 0.75-0.89 and ≥0.90 were considered good and 14 excellent respectively (Portney and Watkins, 2009). Partial eta squared (
2 ) was calculated 15 as an estimate of effect size. A 2 of ≥0.01, ≥0.06 and ≥0.14 represent small, medium and 16 large effects (Cohen, 1988 ). For all tests the level of significance was set at p<0.05. All 17 statistical analysis was performed using SPSS software (v22, IBM UK Ltd., Portsmouth, UK). 18
19
Results
20
Walking blocks 21
There were no effects of time, gradient or interactions for the VO 2 , RPE, HR (Figure 2) AP-DFA α , and ML-DFA α increased between PRE and POST (p=0.02, p=0.01, p<0.01 12 respectively), while ML-DFA α also decreased between POST and POST15 (p=0.03). There was 13 no effect of time for SWAY PL . No effects of gradient or interactions for any variable were 14 found ( Figure 3) . 15
[ Figure 3 here] 16 effects for gradient, time or interactions for forward LOS RMS or any right LOS variables (Table  1 2). 2 [ The present study has demonstrated that prolonged walking alters postural control, and 12 lower limb muscle activation, but that the effect of gradient was minimal. During quiet 13 standing DFA α was increased immediately after walking in both the AP and ML directions 14 and the SWAY EA was also increased. Contrary to the hypothesised effect the LOS was only 15 altered during walking for left LOS RMS . However, the forward LOS REL was reduced POST15 16 compared to walking interval 2 and left LOS REL was increased POST15 compared to PRE. can impair the function of CNS components associated with neuromuscular control and 8
proprioception (Lin et al., 2009; Morrison et al., 2016; Paillard, 2012; Simoneau et al., 2006) . 9
An explanation for the less anti-persistent postural sway may therefore be that prolonged 10 walking altered neuromuscular function to the extent that the postural control system 11 constrained the available degrees of freedom (Newell, 1998) . However, in opposition to the 12 alterations to quiet standing postural control, neither level or uphill walking had an effect 13 on LOS at the interval measurements, contrary to the hypothesis and previous findings in 14 younger adults (Simoneau et al., 2006; Thomas et al., 2013) . A possible explanation is that in 15 the present study there was no change in ankle muscle activation after prolonged walking, 16 similar to the unaltered ankle muscle coordination observed previously following a single 17 high intensity interval training session (Donath et al., 2015b) . This could suggest that ankle 18 muscle activation is less prone to fatigue than more proximal muscle and therefore would 19 not impair LOS performance, which is primarily controlled by the ankle muscles. were not present in the current study. This could be due to the lower exercise intensity used 24 in the current study that was not sufficient to elicit changes in these SWAY PL . However, the 1 increased SWAY EA found in the present study is indicative of a greater sway magnitude and 2 increased fall risk after exercise, in agreement with previous findings (Donath et al., 2013; 3 Morrison et al., 2016) . 4 5 The present findings suggest that 15 minutes rest is insufficient to return postural control to 6 pre-exercise levels after 30 minutes walking in older adults, in agreement with findings 7 following eccentric fatiguing exercises (Papa et al., 2015) . The SWAY EA and AP DFA α did not 8 return to baseline values and forward LOS REL decreased compared to walking interval 2. 9
However, the ML DFA α did return to baseline values and left LOS REL increased after 15 10 minutes' rest, but this was associated with a greater LOS RMS indicating less control of the 11 leaned positions. In young adults, 5 and 10 minutes rest were sufficient to recover postural 12 control to pre-exercise levels following Triceps Surae and repeated sit-to-stand fatiguing 13 exercises (Bryanton and Bilodeau, 2016; Noda and Demura, 2007) In conclusion, both level and uphill walking at a moderate intensity altered quiet standing 4 and limits of stability postural control measures but there was no effect of exercise duration 5 on LOS in older adults. Postural control was altered immediately post exercise becoming 6 less anti-persistent to meet the demands of maintaining balance following 30 minutes of 7 walking. Secondly, when exercise intensity is matched, walking uphill does not result in 8 additional effects on postural control. Furthermore, the results of this study indicate that 15 9 minutes of rest is insufficient to completely restore postural control measures to pre-10 exercise levels after 30 minutes walking. 11 for level and uphill walking at PRE, POST and POST15 measurements. 5 * indicates POST is greater than PRE, ** indicates that POST15 is less than POST. 6 
